Several studies have shown a positive association between body mass index (BMI) and endogenous levels of female sex-steroid hormones, but relationship with the body fat mass and the fat free mass components of BMI has rarely been investigated. In this cross-sectional study, we included 265 women from the Danish "Diet, Cancer and Health" cohort who were postmenopausal and never users of hormone replacement therapy and who previously were included in a nested case-control study on breast cancer. Multiple log-linear regression analyses of the association between anthropometric measurements and serum levels of estrone, estrone sulfate and sex hormone binding globulin (SHBG) were performed. We found positive associations between all the anthropometric measurements included and estrone and estrone sulfate, whereas negative associations were found for SHBG. We confirmed previous findings of associations between BMI and serum levels of estrogen and SHBG among postmenopausal women. Associations were in the same direction for the two components of BMI, body fat mass index (BFMI) and fat free mass index (FFMI), and use of these more detailed measures did not give a better prediction of the hormone levels than use of BMI alone.
INTRODUCTION
Overweight has consistently been associated with increased risk of postmenopausal breast cancer with most studies having used body mass index (BMI) as a measure of overweight [1] . After menopause plasma estrogens are mainly produced in fat tissue by aromatization of androgens to estrogen, and a positive correlation between BMI and level of plasma estrogens has been found in a number of studies [2] [3] [4] [5] [6] [7] . In one of these studies, correlations with fat mass and fat free mass were also investigated and both were found to be positively correlated with estrogen concentrations [7] . The binding protein, sex hormone binding globulin (SHBG), has been found to be negatively correlated with BMI [2] [3] [4] 6, 7] fat mass and fat free mass [7] . The positive association between adiposity and breast cancer may at least partially be explained by increases in endogenous estrogens and decreases in SHBG [8, 9] .
The fat and the lean component of BMI may be assessed separately by dividing BMI into body fat mass index (BFMI) and fat free mass index (FFMI). Here we have explored the associations between anthropometric measurements including BMI, BFMI, FFMI, body fat percentage (BF%) as well as waist and hip circumference with female hormone levels *Address correspondence to this author at the Institute of Cancer Epidemiology, Danish Cancer Society, Strandboulevarden 49, DK-2100 Copenhagen Ø, Denmark; Tel: +45 35 25 76 12; Fax: +45 35 25 77 31; E-mail: lene@cancer.dk among postmenopausal women who previously were included in a breast cancer case-control study nested within the Danish prospective study "Diet, Cancer and Health".
MATERIALS AND METHODS

Study Population
This cross-sectional study included postmenopausal women from the "Diet, Cancer and Health" cohort. This prospective cohort consists of 29,875 women born in Denmark and residing in the greater Copenhagen and Aarhus areas who were recruited between December 1993 and May 1997 when they were aged 50-64 years [10] . At baseline, the women attended a study clinic where blood samples and anthropometric measurements were collected and the participants completed a questionnaire on reproductive factors (e.g. number of births, age at birth of first child), health-related issues (e.g. benign breast tumor, use of hormone replacement therapy), social factors (e.g. years of schooling) and lifestyle factors (e.g. smoking habits, alcohol intake). The study protocol was approved by the regional scientific ethics committees on human studies.
Subjects included in the present study were from a casecontrol study on postmenopausal breast cancer nested within the "Diet, Cancer and Health" cohort [11] . Case subjects were identified in the Danish Cancer Registry with a diagnosis of first primary breast cancer between date of visit to the clinic and 31 December 2000. One control was selected from the cohort for each case. Control subjects were cancer free at the exact age at breast cancer diagnosis of the case and matched with the cases on age at entry into the cohort (6 months intervals), certainty of postmenopausal status (known or probable) at baseline and use of hormone replacement therapy at baseline. Of 869 women included in the original case-control study, 576 were excluded because they had ever used hormone replacement therapy.
Trained laboratory technicians obtained measurements of height, weight, waist and hip circumference at the study clinics as described previously [12] . In addition, they measured electrical impedance with a BIA 101-F device (Akern/RJL, Florence, Italy), single frequency (50 Hz). An equation derived from a Danish population living in the same area as the "Diet, Cancer and Health" population was used to calculate BFM and FFM from the impedance measurement [13] . Body fat mass index (BFMI) and fat free mass index (FFMI) was calculated by dividing BFM (kg) and FFM (kg), respectively, by height squared (m 2 ), as suggested by Van Itallie [14] . Body fat percent (BF%) was calculated as BFM (kg) divided by total weight (kg) and multiplied by 100.
Laboratory Assays
From the blood sample, serum was aliquoted into 1-ml tubes stored in the vapor phase in liquid nitrogen containers (-150°C). Estrone and estrone sulfate was measured in serum by radioimmunoassay [15, 16] . SHBG was measured in serum by immunofluorometric analysis [17] . Intra-and interbatch coefficients of variation were: 6.9% and 12.1%, respectively for estrone, 6.6% and 10.4% for estrone sulfate and 4% and 8% for SHBG.
Statistical Analyses
All values of hormone concentrations were log-transformed to correct for skewed distribution. Geometric means for hormone values were higher among women who developed breast cancer during follow-up than among women who did not, while SHBG values were lower among those who developed breast cancer. We calculated geometric means of hormone levels within tertiles of each of the anthropometric measurements (BF%, BFMI, FFMI, BMI, waist and hip circumference). There was a clear decrease in SHBG levels by increasing tertiles of all anthropometric measurements among both controls and cases. The picture was less clear for the estrogen measurements among both controls and cases, but most of the measurements increased from the lowest tertile to the highest tertile of the anthropometric measurements (data not shown). The overall tendencies described above were similar in cases and controls (tests for similar effects p ≥ 0.15) in accordance with our expectations, and cases and controls were collapsed into one study group.
We performed multiple log-linear regression analyses for the association between anthropometric measurements as the independent variables and log hormone level as the dependent variable with adjustment for potential confounders. Age (linear), smoking (never, past and current) and alcohol intake (per 10 g) were considered as confounders. In the initial analyses, each of the anthropometric variables was modelled as a linear spline with knots placed at the quartiles (25 th , 50 th and 75 th percentiles) and it was tested if the linear splines of the variables could be simplified to straight lines. None of the anthropometric variables showed significant deviations from linearity (all p>0.12). The multivariable regression analyses were stratified by time since menopause (0-5 years and 6+ years). Furthermore, we tested if splitting BMI into BFMI and FFMI were more predictive of hormone levels than BMI alone. The statistical analyses were carried out using SAS (SAS Institute, Cary, NC, USA).
Of the 293 subjects, we excluded 11 (4%), because they had high levels of female hormones, and were likely not to be postmenopausal. In addition, we excluded 9 (3%) with missing information on one or more anthropometric measurements and 8 (3%) with missing information for one or more of the potential confounders. Thus, 265 women remained in the study. Two subjects (1%) were excluded from the estrone analyses, because they had values under the detection limit.
RESULTS
Characteristics of the 265 postmenopausal women included in the study are shown in Table 1 . The median age at the measurements was 57 years, and the median value for BMI was 25 kg/m 2 .
In the multivariate analyses with adjustment for potential confounders, BF% and BFMI were positively associated with estrone and estrone sulfate and negatively associated with SHBG ( Table 2 ). Similar associations were seen for FFMI. After mutual adjustment, the associations for FFMI were weaker and only the negative association between FFMI and SHBG was statistically significant (p = 0.05).
There were significant linear increases for BMI, waist and hip circumference with estrone and estrone sulfate and significant linear decreases with SHBG. The associations seen for waist circumference were largely unchanged after adjustment for hip circumference, whereas the associations for hip circumference were attenuated towards the null after adjustment for waist circumference.
After stratification on time since menopause, significant positive associations were seen between estrone and BMI, BF% and BFMI six or more years after menopause but not during the first five years. No clear differences were seen for associations between estrone sulfate and anthropometric measures by these two levels of time after menopause. For SHBG, the negative associations with BF% and BFMI were stronger within 0-5 years after menopause compared to 6+ years, while a negative association with FFMI was only seen 6+ years after menopause (data not shown).
A regression model including BFMI and FFMI was not more predictive of any of the two analysed sex-steroid hormones or SHBG than a model with BMI (Estrone: p = 0.59, Estrone-sulfate: p = 0.98, SHBG: p = 0.90). 
DISCUSSION
We confirmed previous findings that BMI is positively associated with estrone and estrone sulfate and negatively associated with SHBG among postmenopausal women. Associations were in the same direction for BFMI and FFMI, and use of these more detailed measures did not give a better prediction of the hormone levels than use of BMI alone.
The anthropometric data used in the present study were obtained in a standard way by trained laboratory technicians. Measurements of sex-steroid hormones were performed in a laboratory with a longstanding experience in measuring female hormones for clinical evaluation. We only had one sample for each individual collected at various hours of the day, but in a previous study, estradiol and SHBG did not show diurnal variation; and hours since last meal and years since storage also had no effect on the concentrations in postmenopausal women [18] . The study subjects were participants from a previous breast cancer case-control study nested within the Diet, Cancer and Health cohort, and though they were not randomly selected from the entire cohort, the controls were randomly selected from specific matching strata. Before combining breast cancer cases and controls into one study group, we tested that the relationships between hormones and anthropometric measurements were similar for cases and controls. The finding of higher levels of estrogens and lower levels of SHBG among breast cancer cases compared to controls is in accordance with many previous studies showing that increased endogenous levels of estrogen and decreased levels of SHBG are associated with an increased risk of breast cancer among postmenopausal women [19, 20] .
Among 755 postmenopausal non-users of HRT from the Melbourne Collaborative Cohort Study [7] , fat mass and fat free mass estimated by bioelectrical impedance analysis were positively associated with free estradiol and estrone sulfate and negatively associated with SHBG, while fat mass, but not fat free mass, was positively associated with total estradiol. The associations with estrogens were mainly seen six or more years after menopause. We also found positive associations between fat mass and fat free mass and estrogen levels and negative associations with SHBG, though these associations tended to be weaker than those found in the Australian study, and the pattern by time since menopause could not be confirmed for estrone sulfate. In another study on 51 postmenopausal women from the control segment of the Women's Alcohol Study who were fed a controlled diet, fat%, central fat and peripheral fat measured by dual energy X-ray absorptiometry were positively associated with estrogens and negatively associated with SHBG, however, these measures did not add further information beyond that of BMI alone [21] . No results were presented for fat free mass. It could have been expected that associations for body fat measures would give a better prediction of estrogens, since such measures give a more precise measure of adiposity than BMI. Our previous study, however, indicated a possible association with lean body mass as well as fat mass since we found that increase in lean body mass was associated with increased risk of breast cancer among postmenopausal women [12] .
Several studies have reported positive associations between BMI and female hormones and negative associations with SHBG among healthy postmenopausal women not using HRT [2] [3] [4] 6, 7, 18, 22, 23] . Similar relationships have also been found for waist and hip circumference [2, 6, 22] . Our results are in agreement with these prior studies. Adipose tissue in the abdominal region and the gluteal region may have different biological effects [24] , therefore we adjusted associations with waist circumference for hip circumference and vice versa. Only the associations with waist circumference remained after mutual adjustment. In most studies, female hormones comprise estrone and/or estradiol, while free or non-SHBG bound estradiol were considered in a subset of studies [2] [3] [4] [5] [6] [7] 23] . Some of these have shown stronger associations with free or non-SHBG bound estradiol than with total estradiol [2, 3, 7, 23] . Estrone sulfate was measured in some of the studies of which most showed similar associations with BMI as for estrone and/or estradiol [4, 5, 7, 23] and one showed no association [22] . It is noteworthy that the strongest associations seen in our study were those with SHBG, in the light that SHBG may play a key role in relation to breast cancer, since in addition to being a binding protein for estradiol, SHBG also regulates the action of steroid hormones at several levels [25] .
CONCLUSION
In conclusion, we were able to confirm earlier findings of positive associations between BMI and endogenous estrogen levels and a negative association between BMI and SHBG among postmenopausal women. Associations were in the same direction for both the fat and lean components of BMI and inclusion of these two components did not improve the estimation beyond that of BMI.
